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We analyze Hawking radiation as perceived by a freely-falling observer and try to draw an inference
about the region of origin of the Hawking quanta. To do so, first we calculate the energy density
from the stress energy tensor, as perceived by a freely-falling observer. Then we compare this with
the energy density computed from an effective temperature functional which depends on the state
of the observer. The two ways of computing these quantities show a mismatch at the light ring
outside the black hole horizon. To better understand this ambiguity, we show that even taking
into account the (minor) breakdown of the adiabatic evolution of the temperature functional which
has a peak in the same region of the mismatch, is not enough to remove it. We argue that the
appearance of this discrepancy can be traced back to the process of particle creation by showing
how the Wentzel–Kramers–Brillouin approximation for the field modes breaks down between the
light ring at 3M and 4M , with a peak at r = 3.3M exactly where the energy density mismatch is
maximized. We hence conclude that these facts strongly support a scenario where the Hawking flux
does originate from a “quantum atmosphere” located well outside the black hole horizon.
I. INTRODUCTION
By studying quantum fields in curved spacetime,
Hawking [1] showed that black holes must evaporate due
to the semi-classical effect of particle creation. Hawking
radiation can be heuristically explained via various mech-
anisms, such as a tunnelling effect, where the Hawking
pair gets separated across the black hole horizon.
In this picture, the particle with positive energy tun-
nels out of the horizon while its partner with negative
energy tunnels across it, causing a decrease in mass of
the black hole. It can be shown that such a process leads
a Planckian spectrum of particles at the asymptotic fu-
ture infinity [2].
An alternative picture is based on the idea that the
strong tidal forces near the black hole horizon prevent the
re-annihilation of a particle and antiparticle pair formed
spontaneously from the vacuum. This would be normally
forbidden as energy conservation on a stationary space-
time would imply that one of the particles must be en-
dowed with a negative energy equal and opposite in sign
to that of its partner.
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However, the horizon of a non-rotating black hole
shields an ergoregion where negative energy states (with
respect to asymptotic observers) are allowed. So the neg-
ative energy particle can go “on-shell” just inside the
black hole horizon, falling then into the black hole and
reducing its ADM mass while its partner can go on-shell
outside of the horizon and escape to the future asymp-
totic infinity region [3–5].
Moreover, in support of this second possibility, a recent
claim based on calculating the effective size of a radiating
body [6] is that, indeed, the Hawking quanta originate
from a near horizon region, referred to as the “quantum
atmosphere”.
In [5], some of the authors of this manuscript supported
this claim with two different arguments. The first was
based on the gravitational analog of the Schwinger effect
for particle production by the tidal force outside a black
hole horizon, motivated by the just mentioned alternative
heuristic picture for Hawking radiation; this was used to
relate the energy of the thermal spectrum at infinity to
the radial position at which the outgoing partner goes
on-shell.
The second argument made use of a full calculation of
the renormalized stress energy tensor (RSET) in (1+1)
dimensions to derive the energy density for an observer at
constant Kruskal position and investigate their behaviour
in this quantum atmosphere outside the horizon. Both
arguments provide evidence that most of the contribution
to the spectrum of radiation at infinity originates from a
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2region around r ≈ 4M outside the black hole horizon.
Shedding light on the location where (most of) the
Hawking quanta originate from can have important phys-
ical implications. First of all, identifying the region of
particle creation at finite distance from the horizon would
provide an argument to naturally circumvent the trans-
planckian issue [7]. Moreover, it could alleviate the well
known firewall problem [8] for those proposals relying on
correlations between the late and the early time radiation
fluxes in order to retrieve the information at null infinity
(this process to is sometimes referred to as “purification”
of the late Hawking radiation).
In fact, if the information content of the Bekenstein–
Hawking entropy formula gets encoded in the entangle-
ment structure of outgoing modes created at finite dis-
tance from the horizon, the breaking of entanglement
across the horizon required by the purification process
would generate a divergent energy density at the horizon
encountered by the infalling observer with a much lower
energy scale. Removal of this “firewall” through dynam-
ical effects extended at this new finite distance would
clearly require some non-local physical mechanisms of the
kind advocated for in [9, 10].
Therefore, the origin of Hawking quanta represents a
physically very relevant question. In this paper, we want
to investigate and understand better this issue from a dif-
ferent perspective. More precisely, the second argument
given in [5] relied on the shape of the energy density and
the flux of a test scalar field as perceived by an observer
free falling in Kruskal coordinates. While such an ob-
server has zero acceleration both at the horizon and at
infinity, this is not true at finite distance from the hori-
zon. Then, one might worry that the peak in energy
density and flux found at around 4M for such an ob-
server is due to the non-zero acceleration in that region
and it could be traced back to the Unruh effect contribu-
tion to the perceived radiation, rather than a real particle
creation process.
In order to further investigate the physical nature and
behavior of Hawking particle creation in the quantum
atmosphere outside the horizon, we shall consider here
the physical information provided by the energy density
as perceived by a truly freely-falling observer. Our first
task is thus to derive these quantities for the Unruh vac-
uum (as this is the physically relevant one to study the
evaporation of non-eternal black holes soon after their
formation [11]) in the Painleve´–Gullstrand coordinates,
which are naturally adapted to a freely-falling observer.
Given that the RSET is analytically known only in 1 + 1
dimensions we shall then work in this setting throughout
this paper.
Not surprisingly, we recover in Section II results well
known in the literature through different methods [12–
15]. Namely, both the energy density and the energy
flux are monotonically growing from zero at infinity to
a finite value at the horizon. This monotonic behavior,
however, does not necessarily contradict the argument of
[5] based on a peak located at finite distance from the
horizon for a Kruskal freely-falling observer.
Indeed, it has been argued in [14] that the final in-
crease of effective temperature for freely-falling observers
is due to their non-zero radial velocity and it can be ac-
counted for by a Doppler shift factor with respect to a
stationary observer with zero radial velocity. Given that
this Doppler blue-shift factor diverges at the horizon, it is
plausible to expect that a possible peak in energy density
as measured by a freely-falling observer with non-zero ra-
dial velocity gets washed out by this kinematical effect,
hiding the truly physical location of particle creation.
In Section III we derive the effective temperature in-
troduced in [14, 16, 17] for our choice of freely-falling
observer. If the Hawking flux is all the way to the hori-
zon thermal we do expect such an effective description
to match the one obtained from the RSET. To further
strengthen the case we check the viability of the condition
for an adiabatic evolution of the perceived temperature
for a freely falling observer.
In Section IV we then contrast the energy density
computed from the RSET in Section II with that ob-
tained from the effective temperature method for the
same kind of freely-falling observer. We find that the two
energy densities present a minor discrepancy in the re-
gion r ≈ 3M ∼ 4M , with a peak overlapping to the one
of the effective temperature adiabaticity violation. We
thus take into account the non-adiabaticity of the tem-
perature functional and include its effect in the energy
density to compare it with the energy density obtained
from the RSET. However, the net effect is a decreased
accuracy of the effective temperature method in repro-
ducing the RSET results.
Therefore, this mismatch seems to signal the location
where a physical process is taking place, suggesting an
origin of Hawking quanta at finite distance outside the
horizon. To further support our interpretation, we study
in Section V the adiabaticity of the test field modes. This
allows us to test where the Wentzel–Kramers–Brillouin
(WKB) approximation breaks down, which is often taken
as an indicator of a particle creation process. We find a
peak in the violation condition for the field modes around
r = 3.3M , in stark agreement to the location of the peak
of the discrepancy between the RSET energy density and
the effective temperature one.
A final discussion of these results is presented in Sec-
tion VI.
II. CALCULATION OF RSET IN
PAINLEVE´–GULLSTRAND COORDINATE
An accurate way to probe Hawking radiation as per-
ceived by an observer is by studying the stress energy
tensor of a test field. As shown in [5], an observer falling
3with small acceleration outside the horizon1 measures a
peak of the energy density and flux at 4.3M , hinting at
the presence of a quantum atmosphere outside the black
hole horizon.
In this section we are interested in computing the en-
ergy density and flux as measured by an observer freely
falling into the black hole in a coordinate system adapted
to geodesic motion. While such an observer has zero ac-
celeration throughout its trajectory, it will have a non-
zero radial velocity at horizon crossing and a non-zero ac-
celeration with respect to infinity, which might give rise
to some kinematical effects [17]. To study the behavior
of the energy density and flux as perceived by this ob-
server we first setup the Painleve´–Gullstrand coordinates
and then obtain the RSET components in this coordinate
system using a coordinate transformation.
Given the black hole metric in 1 + 1 dimensions in
Schwarzschild coordinates
ds2 =
(
1− 2M
r
)
dt2 − dr
2(
1− 2Mr
) , (1)
where M is the mass of the black hole, we can introduce
the Painleve´–Gullstrand coordinates through the defini-
tion of a new time coordinate as
tp = t− f(r) (2)
for some arbitary function f(r), such that
f ′(r) = − 1
1− 2Mr
√
2M
r
. (3)
Substituting Eq.(3) in Schwarzschild metric Eq.(1) one
gets
ds2 =
(
1− 2M
r
)
dt2p − 2
√
2M
r
dtpdr − dr2 . (4)
We see the spatial slices of the metric (4) corresponds
to the flat metric in spherical polar coordinates. Also,
there is no coordinate singularity at the Schwarzschild
radius (r = 2M). The time coordinate of the Painleve´–
Gullstrand metric is the same as the proper time of a
freely-falling observer who starts from infinity at zero ve-
locity.
We denote the Painleve´–Gullstrand coordinates as
(tp, x) and the Schwarzschild coordinates as (t, r), with
r = x. The Jacobian for the coordinate transformation
is given by
∂(tp, x)
∂(t, r)
=
(
∂tp
∂t
∂tp
∂r
∂x
∂t
∂x
∂r
)
=
(
1 −f ′
0 1
)
,
1 Often referred to as a Kruskal observer, it has zero acceleration
and radial velocity at the horizon crossing but its not a strictly
geodesic observer globally.
and the inverse of the transformation matrix is given by
∂(t, r)
∂(tp, x)
=
(
∂t
∂tp
∂t
∂x
∂r
∂tp
∂r
∂x
)
=
(
1 f ′
0 1
)
.
The RSET components of the Schwarzschild space-
time is well known for various vacuum states [18–20].
Choosing the Unruh vacuum state 2 for a freely-falling
observer we can write the RSET components in Painleve´–
Gullstrand coordinates by means of a coordinate trans-
formation
TGPαβ =
∂xµ
∂xα
∂xν
∂xβ
T Schwµν . (5)
This yields
Ttptp = Ttt , (6)
Ttpx = f
′Ttt + Trt = Txtp , (7)
Txx = f
′2Ttt + 2f ′Ttr + Trr , (8)
where the components of RSET in terms of the
Schwarzschild coordinates in the Unruh vacuum [19] are
given by
Ttt =
1
24pi
(
7M2
r4
− 4M
r3
+
1
32M2
)
, (9)
Ttr = − 1
24pi
1
(1− 2Mr )
1
32M
, (10)
Trr = − 1
24pi
1
(1− 2Mr )2
(
M2
r4
− 1
32M
)
. (11)
For a freely-falling observer, the velocity in Painleve´–
Gullstrand coordinates is given by
V a =
(
1,−
√
2M
r
)
. (12)
Using this velocity, the associated energy density as mea-
sured by such an observer can be calculated as
εRSET = TabV
aV b = Ttptp−2
√
2M
r
Ttpx+
2M
r
Txx . (13)
In FIG. 1 we plot the energy density as a function of
the radial distance r. We can see that the energy density
increases as the observer gets closer to the black hole and
eventually it remains finite while the observer crosses the
horizon.
We can also calculate the flux of energy as perceived
by a freely-falling observer in Gullstrand-Painleve´ coor-
dinates. For calculating the flux we need the orthogonal
2 Throughout the paper we considered the case of black hole col-
lapse and worked with Unruh vacuum state. For this case, unlike
[21], we do not need to consider the contribution of the effective
temperature with respect to the ingoing null coordinate to the
energy density.
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FIG. 1. Energy density as a function of distance r. As the
observer get closer to the horizon the energy density increases
but remains finite at the horizon.
vector with respect to the velocity. We can use the oth-
ogonality condition to obtain this orthogonal vector as
gabn
anb = −1 ,
naV
a = 0 , (14)
where the normal vector na can be defined as
na = (0, 1) . (15)
The flux in Painleve´–Gullstrand coordinates is then
FRSET = Tabn
aV b = −Ttpx +
√
2M
r
Txx . (16)
In FIG. 2 we plot this flux as a function of the radial
coordinate r.
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FIG. 2. Energy flux as a function of distance r.
Contrary to [5], we do not see a peak in the energy
density or the flux near the horizon. Hence, relying just
on the RSET computation we cannot say much about
the presence of the quantum atmosphere. As anticipated
in the beginning, this monotonic behavior can be traced
back to the non-zero radial velocity of the freely-falling
observer considered here, which gives rise to kinemati-
cal effects. Therefore, we have to devise some way to
extract physical information about the region of origin
of the Hawking quanta from the energy density and flux
computed from the RSET.
III. THE EFFECTIVE TEMPERATURE
FUNCTIONAL
To study how different observers would perceive Hawk-
ing radiation, an effective temperature function was in-
troduced in [14, 16, 17], which depends on the trajec-
tory of the observer. We now rederive this temperature
functional for a freely-falling observer and study its adi-
abaticity, which will be later used to compute the per-
ceived energy density to compare with our findings in the
previous section.
A. The effective temperature functional
Considering a Schwarzschild black hole in (t, r, θ, φ) co-
ordinates, one can define an outgoing null coordinate as
u¯ = t− r∗ , (17)
where r∗ is the tortoise coordinate given by r∗ = r +
2M log(r/2M − 1). For an infalling observer, we can use
its proper time to label different light rays it encounters
while infalling. We can define the proper time associated
with the observer as τ and then the timelike trajectory
of the observer would be defined as (t(τ), r(τ)). The
observer can define the labeling of the u¯ = const rays that
it encounters as U = U(u¯) = τ which gives us another
set of null coordinates.
For doing quantum field theory on a background con-
taining such a black hole, U = U(u¯) would determine
the choice of the local vacuum state. We can define yet
another set of null coordinates based on the proper time,
τ , of the observer (after proper synchronization) so that
we can study the perception of the vacuum state related
to U = U(u¯) for a specific observer. We define this null
coordinate as
u = τ − τ0 , (18)
where τ0 is a constant used for synchronization. One can
easily obtain the relation U = U(u) using u¯ = u¯(u). Us-
ing this relation, it is possible to compute the Bogoliubov
coefficients giving the particle content as perceived by the
observer in the given vacuum state. One can define the
effective temperature function as [14, 17]
κeff(u) = −d
2U
du2
/
dU
du
. (19)
If u corresponds to the future null coordinate for a
Schwarzschild geometry, then κeff contains information
5about the peeling of null geodesics and this would be the
relevant quantity for calculating the Hawking tempera-
ture. In this case, the way κeff is defined contains infor-
mation about the peeling as well as about the vacuum
state and the observer.
After choosing an appropriate vacuum state by speci-
fying U(u¯), (19) can be written as
κeff = −
(
d2U
du¯2
/
dU
du¯
)
du¯
du
− d
2u¯
du2
/
du¯
du
=
du¯
du
κ(u¯)− d
2u¯
du2
/
du¯
du
, (20)
where κ(u¯), defined as
κ(u¯) = −d
2U
du¯2
/
dU
du¯
, (21)
is the state dependent temperature, as it solely depends
on the choice of the vacuum state and not on the trajec-
tory of the observer.
One can check the value of κ(u¯) for different vacuum
states by considering the corresponding U(u¯) relation.
For the Unruh vacuum U(u¯) = −4Me−u¯/(4M), which
gives κ(u¯) = 14M ; similarly, for the Boulware vacuum
U(u¯) = u¯, which gives κ(u¯) = 0.
As shown in [17], the effective temperature in the Un-
ruh vacuum for an arbitrary observer having proper time
u and following a trajectory (t(u), r(u)), is given by
κeff(u) =
√
1− vl
1 + vl
1√
1− 2Mr
(
κ(u¯)− M
r2
)
+ ap ,(22)
where ap is the proper acceleration of the observer and vl
is the velocity of the observer with respect to the black
hole as measured in a local inertial frame, given as
vl =
Vr√
1− 2Mr + V 2r
. (23)
B. Adiabatic evolution of the Temperature
functional
To verify if this temperature function is an accurate
estimator of the effective temperature perceived by an
observer all along the trajectory as it falls into the black
hole, we do check that the perceived variation in time of
the effective temperature functional for the freely-falling
observer always satisfy an adiabatic evolution condition.
This adiabatic condition of the effective temperature is
estimated by
δκ =
κ˙eff
κeff2
 1 , (24)
where, from (22), we obtain κeff for a freely-falling ob-
server in Unruh vacuum by setting ap = 0, κ(u¯) =
1
4M
and vl = −
√
2M/r, as
κeff =
1(
1−
√
2M
r
)( 1
4M
− M
r2
)
. (25)
To know where the maximum violation of adiabatic con-
dition (24) happens, we plot the function δκ with respect
to the radial distance r in FIG. 3.
5 10 15 20
r
M
-0.04
-0.02
0.02
0.04
0.06
0.08
d k
FIG. 3. Adiabaticity of the temperature functional as a func-
tion of distance r. The peak at r = 3.4M in the plot shows
where the maximum violation of the adiabatic condition hap-
pens.
As we can see from the plot, the adiabatic condition is
not strictly violated anywhere; however, there is a peak
at 3.4M around which its validity is minimized. We will
come back to this feature in a moment.
IV. DISCREPANCY IN ENERGY DENSITY
From the above discussion it is clear that the effective
temperature functional allows to define a perceived en-
ergy density by any observer as the one associated to a
thermal bath at the observer dependent temperature set
by κeff . On the other hand, the RSET computed in Sec-
tion II gives an accurate estimate of the energy density
as measured by any observer. In this section we try to
quantify the difference between the energy density ob-
tained using the RSET and the same quantities obtained
from the effective temperature for freely falling observers
and see if an eventual discrepancy can be related to the
violation of adiabaticity.
If we assume a Planckian spectrum for the radiation,
we can use the effective temperature κeff (25) to compute
the energy density as
εeff =
1
48pi
(κeff)
2 . (26)
To see how this energy density differs from the energy
density obtained in (13), we plot the difference between
the two in FIG. 4, by defining the discrepancy in energy
density as
Dε =
1
εinfinity
(εRSET − εeff) , (27)
6where by εinfinity we mean the energy density at infinity,
namely
εinfinity =
κ2infinity
48pi
=
1
48pi
1
(4M)2
. (28)
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FIG. 4. Discrepancy in energy density calculated by two
methods where there is a peak at (r = 3.2M).
From the plots we see that the energy density calcu-
lated in (13) for a freely-falling observer is consistent with
the one derived via the effective temperature method at
infinity, but there is a small discrepancy as one moves
closer to the horizon, reaching a peak at finite distance
before vanishing again at horizon crossing. Notice that,
in general, such a good agreement in most of the exte-
rior region is not an obvious expectation as the RSET
encodes physical information which is insensitive to the
acceleration of the observer; on the other hand, the ef-
fective temperature function was introduced exactly to
analyze the perception by different observers in various
vacua and it contains information that is sensitive to the
observer’s acceleration. However, since our choice of ob-
server has zero proper acceleration, it is natural to expect
that the two approaches should capture the same physi-
cal content of the emission process. We thus believe that
the peak in the discrepancy shown in FIG. 4, while not
necessarily alarming, should not be overlooked, as inves-
tigation into it might reveal important insights into the
physical nature of departure between the two methods.
One reason for this discrepency could be based on
the fact that the assumption of the Plankian spectrum
throughout the exterior of the black hole is not correct
as the temperature function shows departure from adia-
baticity in the same region outside the horizon.
This becomes more evident by comparing the plots
in FIG. 3 and FIG. 4, as the non-vanishing difference
between the two energy densities overlaps with the re-
gion where the adiabaticity of the temperature function
is not strict. We can try to capture the effect of the non-
adiabiticy of the temperature functional by including a
term that is given by the rate of change of the temper-
ature functional with respect to the proper time in (26).
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FIG. 5. Discrepancy in energy density calculated by two
methods, after inclusion of the effects due to the non-
adiabaticity of the temperature functional, where there is a
peak at (r = 2.9M).
Doing so, Eq.(26) gets modified as [17]
ε′eff =
1
24pi
[
1
2
κ2eff +
dκeff
dτ
]
. (29)
Now, plotting the difference of this energy density with
the energy density obtained from the RSET, i.e.
D′ε =
1
εinfinity
(εRSET − ε′eff), (30)
we see that the discrepancy is still there FIG. 5, infact it
increased even more with the peak just slightly shifting
more towards the horizon. This indicates that the near
violation of the adiabatic condition of the temperature
functional is not causing this discrepancy, leaving as log-
ical alternative the location of the particle creation origin
of the Hawking quanta in that region. To probe this, fi-
nally, we check wether the WKB approximation breaks
down in the same region.
V. ADIABATIC CONDITION
To support the interpretation we gave above about the
discrepancy between the energy densities computed from
the two different methods as associated to the location
where physical particle creation is taking place, one can
directly compute the adiabaticity of the field modes to
verify if the WKB approximation breaks down in this
region, as this is an indicator of particle creation3.
3 See for example [22], but also [23] for an alternative point of view
in the case of dispersive media.
7In order to provide this further check, we first need to
know the frequency of the modes as measured by a freely-
falling observer with respect to its proper time. Let us
consider again the Schwarzschild metric (1) and denote
f(r) = 1 − 2M/r. The radial velocity for the freely-
falling observer is given by Vr =
√
2M/r and the four-
momentum of the outgoing particle (mode) as measured
by a freely-falling observer along the null ray u=constant
reads
ka = ω0
(
1
f(r)
, 1
)
, (31)
where ω0 is a constant which we can think of as ωHawking
at r →∞. For the free-fall frame the velocity tangent to
the path of an ingoing (timelike) geodesic is given by
βa = (1,−Vrf(r)) (32)
and the frequency can be defined as
ω =
βaka
‖ β ‖ =
ω0
1− Vr . (33)
The rate of change of the frequency with respect to the
Schwarzschild time, ω˙, is then
ω˙ =
dω
dt
=
dω
dVr
dVr
dr
dr
dt
=
ω0V
3
r (1− V 2r )
(1− Vr)2 . (34)
The adiabaticity of the modes is defined by the con-
dition ω˙ω2  1. In order to investigate whether this adi-
abatic condition is violated in some region outside the
horizon, implying the break down of the WKB approxi-
mation, we are interested in the behavior of ω˙ω2 at differ-
ent values of r. Using (33), (34), let us define
δω ≡ ω˙
ω2
=
1
4Mω0
V 3r (1− V 2r ) . (35)
It can be checked that the maximum value of δω, indi-
cating a maximal violation of the adiabatic condition for
the field modes, is found to be
δmaxω '
0.18
4Mω0
. (36)
This maximum is located at Vr =
√
3/5, which corre-
sponds to r = 3.3M . In FIG. 6 we plot δω as a function
of distance r to exhibit this behavior explicitly. This
shows that the maximal break down of the WKB ap-
proximation is found almost at the same radius where
our previous analysis suggested the core of Hawking ra-
diation to be generated, lending further evidence to our
claim.
VI. DISCUSSION
Our analysis showed that there are several ways to look
at the origin of Hawking quanta providing strong hints
to a long distance origin of the Hawking radiation. In
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FIG. 6. δω as a function of distance r. The peak in the
plot at r = 3.3M shows where the maximum violation of the
adiabatic condition for the field modes takes place.
particular, we saw that one can use the difference in the
energy density as considered in (26) and the one we com-
puted for a freely-falling observer in (13) from the RSET,
to make evident the discrepancy between the naive ex-
pectation that a thermal flux exists all the way to the
horizon and the actual energy density for a freely-falling
observer in the Unruh vacuum.
We also found that, after including the term captur-
ing the effects of non-exact adiabaticity of the tempera-
ture functional, the discrepancy with the energy density
obtained from the RSET increased in magnitude. One
might think that this is contradictory as the energy den-
sity considered in (29) closely resembles the energy den-
sity computed from the RSET in [21], but this is not
the case. This can be accounted for by the fact that the
quantity computed in [21] is not the same energy density
for the freely-falling observer as we computed in (13). A
“perceived” stress energy tensor was computed in [21] by
subtracting a contribution, as measured by the observer
in a local vacuum state defined in its local inertial frame
(based on the coordinate (u, v)), from the energy density
as measured in the vacuum state globally defined based
on the null coordinates (U, V ).
The fact that the location of the maximum of this dis-
crepancy happens to coincide with the region of break-
down of the WKB approximation for the test scalar field
modes, as we showed in FIG. 6, strongly supports an
interpretation of our results as evidence for a quantum
atmosphere surrounding any evaporating black hole and
peaked around 3M , from where the Hawking quanta orig-
inate.
The implications of particle creation at finite distance
from the black hole horizon can play an important role
in the debate on long standing problems such as the in-
formation loss and the transplanckian issues. Moreover,
this particular region around 3M is of special interest
also because the maxima of the potential for a spheri-
cally symmetric black hole is at 3M . The quasi normal
modes (QNM) are computed using the WKB approxi-
mation as a wave scattering at the turning point of the
8potential barrier [24]. The relation between these QNMs
and the underlying microstates of a black hole has been
speculated many times [25–27]. We believe our results
about the region of origin of Hawking radiation can pro-
vide some further inputs for such investigations.
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